This letter is intended to demonstrate that price inflation and stock returns display differing relationships depending on the measure of inflation used. Using data from 1966 -2009, it appears that no correlation exists between any measure of price inflation and stock returns or dividend yield in the period 1983 -2009. We do find a negative correlation between monetary inflation and dividend yield for the full sample. We also question the regularity that price inflation and stock returns are negatively related in post-World War II. This appears to depend on the specification of the model used.
Introduction
Price inflation -that is an increase in the general level of prices -is a well known concept. Much like the intrinsic value of a firm's shares it is not directly observable. It is typically measured by the Consumer Price Index (CPI) but that is not the only measure of inflation available. The purpose of this letter is to illustrate the differences between three potential measures of inflation -the CPI, the implicit Personal Consumption Expenditure (PCE) deflator, and the Producer Price Index (PPI) -and relate the importance of the difference in terms of the inflation and equity premium puzzle.
We study the period from 1966 to the beginning of 2009, normalizing the price level to 100 in August 1983 for all indices. Because of the normalization, the levels around that period tend to coincide, but it is clear that there are two regimes. Prior to approximately the early 1980s, the three price indices tended to move very close together, with the PPI being slightly below the CPI and PCE until about 1974, when the PPI advanced more quickly than the CPI and PCE, but still the three were clustered tightly together. From 1983, the PPI appears to have decoupled from the CPI and PCE. From about 1990, the PCE and CPI have somewhat decoupled and the PCE has consistently been below the CPI, but the two measures have had similar dynamics. The PPI is considerably more volatile than the CPI and PCE (see Figure 1 ).
From an investment point of view, inflation is quite important. There is a long history of research into the effects of inflation on stock prices, but it continues to be a controversial topic. The crux appears to be explaining the differing relationship between inflation and stock prices over time: pre-World War II there was a positive relationship, and post-World War II the relationship has been negative (see Lee (2010) for a summary).
The point of this article is to illustrate differences using alternative measures of inflation. The appropriate price deflator is not obvious, even though most studies appear to use the CPI. The price deflator should relate to the cash flows provided by the stock -dividends and capital gains. But note that the stock is a capital good. It provides a stream of cash flows that can then be used to procure either more capital goods or consumption goods. If the cash flow will be used for capital goods, then should not the appropriate price deflator be related to the price of capital goods (PPI)? If the cash flow will be used for consumption goods, then the price deflator should be related to the price of consumption goods (CPI or PCE) .
Furthermore, it is not clear that each household should use the same deflator. Consider the CPI. It is an aggregate index created using average purchasing behavior of the households in the U.S. But what if households have differing baskets of goods that expose them to different rates of inflation in the household? What should the appropriate deflator be?
Compounding the problem is that price inflation is not necessarily a cause, but rather may be an effect. Absent supply shocks, an increase in the money supply such that supply exceeds money demand. This is a well-known result, based on the standard equation of exchange: MV = PQ. If one holds V (velocity) and Q (quantity of goods) constant, then an increase in M (money supply) is exactly matched by an increase in P (the aggregate price level).
The equation of exchange hides a critical fact of money: money is non-neutral in the short run, meaning that money inflation affects relative prices, not just the aggregate price level. Since money is non-neutral, the effects of money inflation could show up in asset prices first, thus increases in asset prices could lead increases in consumer prices.
The increase in asset prices may only be temporary. While new money is flowing in, so that demand pressures are rising, asset prices will get a boost. But the demand has nothing to do with the future performance of the firms -it is only because of an increase in the money supply. As market participants realize that asset prices have risen too high, relative to expected future performance, they will tend to sell off some of their positions and asset prices will return to a level consistent with the expected future performance of the firms. Essentially, we should see a negative, and then positive, impact of money inflation on equity returns. To see the above effect more clearly, consider the process of monetary inflation. To issue new money, the Federal Reserve Bank of New York purchases Treasury securities (or other securities in the current, unusual period) from its primary dealers. The primary dealers' accounts with the FRBNY are credited with new money by the reserve bank, and their Treasury securities accounts are debited. Thus new money is created.
To get into circulation, that money must be put into the economy by the primary dealers, either by purchasing assets or making loans. As the primary dealers put the money into circulation, the new money works its way slowly through the economy, going bank-by-bank or dealer-by-dealer, until it gets lent to a business or a consumer. Then goods or services are purchased. This process potentially gives rise to what are called "Cantillon effects" after the early economist Richard Cantillon.
Cantillon effects describe the change in the demand for goods and services desired by those entities that get the new money first. As certain entities get more money, their purchasing power increases and so the demand for the goods and services they prefer increases. Due to the shift in demand, prices increase for those specific goods and services and this leads firms to supply more of those goods and services. If these changes tend to be large enough and persistent, a resource reallocation will tend to occur.
Presuming the new money created is substantial enough to have an impact, it continues to cause relative prices to change as it circulates through the economy, and resource reallocations continue to occur. Those who receive the money first are ultimately better off, but those who receive the money last are worse off because their purchasing power has gone down prior to getting any of the new money. Therefore, based on the above, it is imperative to treat monetary inflation separately from price inflation, at least in the short-run.
The primary concern, when new money is issued, regards bank loans, since it is the bank loans that will provide the money that causes relative prices to shift. Consumer loans affect the demand for housing and household goods, whereas business loans affect the demand for capital goods. There is likely a feedback effect from consumer loans to firms' demand for capital goods. For example, if people secure more mortgages at cheaper rates, then firms will find it profitable to build more houses to accommodate this new demand. The firms will demand more of the factors of production for housing, like lumber, cement, copper, and construction workers.
Continuing with the housing example, as consumer demand for housing increases, housing suppliers will find their business has improved. This will cause investors to revise their views regarding the housing suppliers' future income upwards, leading to a positive revision in the firms' current stock prices. This effect will move up the supply chain, since the housing suppliers' demand for capital goods affects their suppliers, like lumber mills and building material manufacturers. In general, as the price of capital goods is bid up, we see that asset prices will increase, including stock prices.
As the foregoing discussion indicates, monetary inflation leads price inflation, but it is not neutral, or equiproportional, as the equation of exchange MV=PQ might suggest. This causes differences in price inflation measures, and it is important to choose the most appropriate measure of inflation for one's purposes. There are many candidates to deflate nominal prices to get real prices: the three most common are the consumer price index (CPI), implicit personal consumption deflator (PCE), and the producer price index (PPI). If more specificity is desired, the CPI and PPI are broken down into greater detail.
It appears that choosing the most appropriate measure of price inflation was not important historically, since the three broad measures included in Figure 1 track each other quite closely until about 1981. Thus, no matter which of three measures of inflation were used, numerical results say of deflating nominal prices to get real prices would track fairly closely. After 1983 the PPI begins to diverge from the CPI and PCE, and then the PCE and CPI begin to diverge around 1995.
Two events match up with these apparent divergences. First, in 1978 the Federal Reserve was assigned the so-called "dual mandate" of not only pursuing stable inflation but also maximizing employment. Prima facie, it is not clear why this would cause a divergence between the CPI and PPI. The second event, coinciding with the divergence between the CPI and PCE, is the Boskin Commission which was appointed to investigate the construction of the CPI in 1995.
Literature Review and Relevant Hypotheses
The importance of the correct inflation measure is highlighted in the ongoing discussion regarding the costs of inflation (see Dowd (1996) for a broad overview) which can be substantial but where estimates of the cost have a wide range. Recently, Fitzgerald (Fed) , has demonstrated the differences in real household income depending on which measure of inflation is used. For illustrative purposes, in this paper I apply different measures of inflation to the estimate the effects of inflation on equity risk premiums.
Research about the relationship between price inflation and the equity risk premium has been ongoing and remains an area of some controversy. There are numerous hypotheses positing a relationship between inflation and the risk premium, with each hypothesis generating a different expected sign or level of significance. I briefly outline these hypotheses below.
Researchers have found that, prior to World War II, the correlation between inflation and equity premiums was positive, but became negative after the war. Fisher's (1930) hypothesis suggested that the correlation should be positive so many hypotheses were developed to explain the post-war negative correlation.
The "Inflation Illusion" hypothesis, attributed to Modigliani and Cohn (1979) posits that when inflation rises investors discount expected earnings and dividends more heavily by using higher discount rates. This leads to equities being undervalued when inflation is high and overvalued when inflation falls, thus generating a negative relationship between equity returns and price inflation. Brandt and Wang (2003) advance the hypothesis that risk aversion is time-varying. They suggest that inflation makes investors more risk averse and the increased risk aversion is what drives up equity risk premiums.
The "Tax" hypothesis of Feldstein (1980) suggests that any observed relationship between price inflation and equity returns is generated by U.S. tax laws. Especially important are laws regarding historic cost depreciation and taxation of nominal capital gains. Similar to the "Inflation Illusion" hypothesis, the "Tax" hypothesis generates an inverse relationship between equity returns and price inflation. This hypothesis is sensitive to changes in the U.S. tax code, and differences across countries' tax codes. Fama (1981 Fama ( , 1983 ) developed a hypothesis, using a money demand model, that any observed relationship between price inflation and equity returns is spurious. Since there is a positive relationship between equity returns and real productive activity, and a negative association between price inflation and real activity, this generates a correlation but not causation between equity returns and price inflation. In a similar type of indirectness, Geske and Roll (1983) derive the linkage between inflation and equity prices from the monetization of government deficits and fiscal and monetary policy.
Finally, there is the 2-regime hypothesis of Hess and Lee (1999) . The 2-regime hypothesis states that aggregate demand and aggregate supply shocks drive different correlations between inflation and equity premiums. Aggregate demand shocks, like increases in the money supply, drive inflation and stock prices higher. Aggregate supply shocks, like increases in oil prices, drive inflation up but stock prices down.
Among the above hypotheses, the inflation illusion hypothesis and the 2-regime hypothesis have received the most attention recently. Ritter and Warr (2002) find support for the inflation illusion hypothesis, documenting that the bull market starting in 1982 was due in part to undervaluation of levered equities caused by mistakes in the use of nominal and real capitalization rates. Campbell and Vuolteenaho (2004) extend the inflation illusion hypothesis by transforming the classic Gordon growth model into a dynamic valuation model and using the model to identify the mispricing component of the log dividend yield. They use data from the period 1927 -2002 and find evidence of inflation-induced mispricing. Cohen et al. (2005) find similar support in a simultaneous analysis of Treasury bills, safe stocks, and risky stocks. Lee (2003) extends the model of Hess and Lee (1999) to address the relationship between stock and bond returns, and price inflation in response to supply, monetary, and fiscal shocks. Lee (2010) conducts a side-by-side test of the inflation illusion hypothesis and the 2-regime hypothesis using the models developed by Campbell and Vuolteenaho (2004) and Hess and Lee (1999) across several countries. Lee (2010) finds that the inflation illusion hypothesis explains post-war data very well, but not pre-war data. This is consistent across all industrialized countries reviewed.
In the above-referenced work, inflation refers to price inflation and it appears to be measured using the CPI. In some papers, it is not clear what measure of inflation is used. Referencing Figure 1 , it is likely that different measures of inflation would result in similar conclusions for the period ending around 1983. After that period it is not at all clear that all measures of inflation are equally sound. For example, as the Boskin commission made clear, the CPI during the 1980s and early 1990s appears to have overstated the level of price inflation by 1 -1.5% per year. While substantial progress has been made in improving the CPI, it is likely that it still overstates the level of price inflation.
To explore the important of the choice of inflation measure, we use the model devised by Campbell and Vuolteenaho (2004) and further tested by Lee (2010) . Their model is a log-linear transformation of the traditional Gordon growth model, so that the price of the stock is the present value of future dividends discounted by the required return less a constant growth rate. Reformulating the Gordon model as a dividend yield gives the following:
where D is the dividend, P is the current price, R is the required return and G is the assumed growth rate of the dividend.
Campbell and Vuolteenaho then decompose the dividend yield formula into three components: the negative of an objective excess (over the risk-free rate of return) dividend growth rate; a subjective risk premium; and the difference between the objective excess growth rate and the subjective one. This latter factor is referred to as a mispricing component since it is zero if investors are perfectly rational. For details about the operational formula used here, see Lee (2010) .
Methodology
The goal in this article is to show the consequences of using different measures of inflation. To that end, we apply the basic vector autoregression (VAR) of Lee, where excess return, subjective risk premium, dividend yield, and inflation are the modeled factors. At this point, the S&P 500 is the portfolio modeled, and data on returns and dividend yield are obtained from Robert Shiller's website 1 . To calculate the subjective risk premium, we follow Lee (2010) 2 . Since the subjective risk premium is calculated using quarterly data, we convert all monthly data to quarterly data using a moving average of the previous three months.
Inflation measures are the seasonally adjusted consumer price index (CPI), personal consumption expenditure implicit deflator (PCE), and producer price index (PPI). In addition to measures of price inflation, we include one (crude) measure of monetary inflation: the growth in the supply of money less the growth in nominal GDP. For this latter measure, supply of money is calculated using M1 and MZM. Summary statistics for the various measures used in the analysis are displayed in Table 1 . The sample period extends from Q4 1966 to Q4 2009, comprising 172 quarters. This is a relatively short sample because quarterly accounting data is needed to calculate the subjective risk premium. That data is obtained from Compustat, limiting the beginning date for the sample. Data is presented for the full time period, and then broken down into two 'regimes' reflecting the apparent change in behavior of our three measures. Specifically, we use 1983 3 as the separating year.
There are significant differences among the variables of interest between the two regimes. First, because of the 1970s, measured inflation is higher (about double) in the first regime compared to the second regime. Monetary inflation has increased in the second regime. Money growth appears to have lagged NGDP growth in the 1970s, but in the mid-1980s and beyond it has kept up or gotten a bit ahead. This change likely has something to do with the importance of electronic forms of money, now much more prevalent than during the 1970s and 1980s.
Excess return on the S&P 500 is much higher in the second regime, since that period captures several "booms." Nevertheless, the crash of 1987, the tech bubble burst in 2000, and the real estate bubble burst in late 2007 and market crash in 2008 serve to dampen the S&P 500 performance. Finally, dividend yield is substantially lower in the second regime.
To examine more carefully the effect of using different inflation measures, we apply the basic VAR model of Lee (2010), which includes excess return on the S&P 500, the dividend yield on the S&P 500, the subjective risk premium, and inflation. Before implementing the VAR, each data series is tested for stationarity. We find only the dividend yield is non-stationary, and so this series is first-differenced. 4 In correlations (not reported), excess returns are apparently negatively correlated with all forms of inflation, but the only statistically significant correlation is with the CPI. Dividends are positively and significantly correlated with all measures of price inflation, but negatively correlated with monetary inflation, and only significantly so with MZM. These effects are dominated by the first regime. In the second regime, excess returns are not correlated with any measure of inflation. Dividend yield is positively and significantly correlated with PCE inflation, but negatively and significantly correlated with PPI inflation. Further, dividend yield is now positively and significantly correlated with M1 monetary inflation, but not MZM inflation. These results indicate that separation into (at least) two regimes is very important to the results.
Results and Discussion
For the full sample (Table 2) , using a one-period VAR, there is no apparent relationship between excess returns and price inflation, or dividend yield and price inflation. The only significant effects are the lagged variables on themselves (save for excess returns) which indicates persistence in the variables, and excess return on dividend yield. This latter relationship is mechanical, however, since as returns pick up, dividend yield will decrease since dividend dollar values tend to be stable.
Using two lags (Table 2 , Panel B) offers somewhat different results. Now, two-quarter-lagged price inflation measured using the PPI has a negative and significant (p-value = 0.07) effect on excess returns. The marginal effect of PPI, evaluated at the mean, is -0.7%. That is approximately 45% of the average quarterly excess return on the S&P 500 for the full sample, so the PPI effect is economically substantial. The estimate on PCE is twice the magnitude of the PPI, but not statistically significant. The estimate on CPI is smaller than PPI, and also not significant.
The pattern of results is similar for dividend yield. The PPI is the only measure that is statistically significant, and the point estimate is between the CPI and PCE point estimates. The marginal effect is approximately 0.03%. However, because change in dividend yield is such a small value (mean is -0.00018 for the full sample), this amounts to 179% of the average quarterly change in dividends. Economically this is highly significant.
Note that all measures of inflation now appear to have a significant effect on the subjective risk premium, in roughly the same magnitude for CPI and PCE. The PPI effect is about half the magnitude of the other two measures of price inflation. However, this effect does not appear to flow through to excess returns or dividend yield, since there is no demonstrated effect of the subjective risk premium on either of these measures.
Results for the VAR models using two separate inflation measures, one for each regime, are presented in Table 3 . Price inflation is indeed much less significant in the second regime than in the first regime. First, we note that price inflation is not a significant factor in excess returns on the S&P 500 in these models. Second, one-quarter-lag price inflation is positively and significantly associated with dividend yield if one uses the CPI or the PPI, but only for the 1966 -1983 period. After 1983, the only significant inflation measure is the two-period-lag PPI.
Finally, we introduce monetary inflation as a potential missing factor. In Table 4 , Panel A, we show the results of including only money inflation (using M1) and no measure of price inflation. As there does not appear to be a structural break in money inflation, we use one measure for the whole period.
Money inflation
5 does not appear to be related to the excess return on the S&P 500, although the two-quarter-lag is almost significant at the ten percent level (p-value = 0.1177). The economic impact, based on the point estimate, is about 15% of the average quarterly excess return.
Money inflation does have a significant relationship to dividend yield, although the two-periodlag dominates the one-period-lag. Specifically, when money inflation increases, dividend yield tends to decrease, but it takes roughly two quarters for this effect to show up. This lag time is consistent with the non-neutrality of money. In other words, the effects of money inflation do not take place immediately, but must work their way through the monetary system. We now include money inflation into the two-regime models of inflation, using both one-period and two-period lags. In the one-period lag models (Panel B of Table 4), using money inflation, we note that excess return is not correlated with price or money inflation. The dividend yield shows only a mild correlation (p-value = 0.1095) and negative correlation with monetary inflation when we use the PPI to measure price inflation. No measure of price inflation is significantly related to dividend yield.
Including two lagged quarters of data shows no better fit in terms of excess returns, but the picture for dividend yield does improve. Now, we find that one-period lagged inflation, measured using the CPI or PPI, is positively correlated with dividend yield for the 1966-1983 period, but not for the 1984-2009 period. Two-period lagged CPI-inflation is negatively correlated with dividend yield for the 1966-1983 period. No price inflation measure is correlated with dividend yield for the 1984-2009 period. Finally, two-period lagged monetary inflation is negatively correlated with dividend yield, no matter which measure of price inflation is used.
Concluding Remarks
Originally, this article was intended to illustrate differences in measures of inflation and the consequences of these differences for measuring the effect of inflation on stock prices. We separate the full sample (1966 -2009) into two regimes: 1966 -1983, and 1984 -2009 . The differences between the two regimes include a rapid price increase in the 1970s that moderated significantly after the early 1980s; and a significantly more volatile PPI. What we have ultimately shown is that price inflation does not appear to have any effect after 1983, and that the effect during the first regime depends on the inflation measure used.
Differences in this article from previous work include the first-differencing of the dividend yield; inclusion of two-period lags in the VAR models; and the use of a money inflation measure, in addition to three different measures of price inflation. In sum, it appears that in a world of moderate inflation, stock prices are not substantively affected by price inflation.
Future research would investigate more appropriate price inflation measures by separating stock market returns by stage of production (e.g. oil exploration v. gas retail) and using different measures of price inflation for each. Furthermore, the volatility of inflation should receive more attention. Table 1  This table presents summary statistics for the entire sample (1966Q4 -2009Q4) , and broken into two regimes (1966Q4 -1983Q4; 1984Q1 -2009Q4) . Excess Return is the nominal quarterly return on the S&P 500 less the nominal quarterly return on the 90-day T-bll. Dividend Yield is the nominal quarterly dividend paid during the quarter divided by the average level of the S&P 500 during the quarter. CPI Change is the 3-month moving average of the monthly change in the CPI. PCE and PPI Change is the same. M1 and MZM Inflation are calculated as the quarterly change in the relevant money supply measure less the quarterly change in nominal GDP. and two period lagged VAR (Panel B) of the correlations among excess returns, subjective risk premia, dividend yields, and inflation. We run three models for each VAR, across the full sample of the data, one for each of the inflation measures used in this article. Excess Return is the quarterly return (3-month compounded) on the S&P 500, excluding dividends, and adjusted by the 90-day T-bill return. Risk Premium is the subjective risk premium, calculated as per Lee (2010) . Dividend Yield is the quarterly change in the dividend yield on the S&P 500. Inflation is the quarterly change in the relevant inflation measure, indicated by the heading above each set of results. Akaike IC is the Akaike Information Criterion, and Schwartz IC is the Schawtz-Bayesian Information Criterion.
Panel and two period lagged VAR (Panel B) of the correlations among excess returns, subjective risk premia, dividend yields, and inflation. We run three models for each VAR one for each of the inflation measures used in this article. Excess Return is the quarterly return (3-month compounded) on the S&P 500, excluding dividends, and adjusted by the 90-day T-bill return. Risk Premium is the subjective risk premium, calculated as per Lee (2010) . Dividend Yield is the quarterly change in the dividend yield on the S&P 500. Inflation is the quarterly change in the relevant inflation measure, indicated by the heading above each set of results. We use separate variables for inflation from 1966 -1983 and 1984 -2009 Table 4 : Monetary Inflation This table presents the results of one and two period lagged VAR of the correlations among excess returns, subjective risk premia, dividend yields, and money inflation (Panel A). Money inflation is measured as the change in M1 less the change in nominal GDP. Panels B and C add in the measures of price inflation with one-period and two-period lagged models, respectively. Excess Return is the quarterly return (3-month compounded) on the S&P 500, excluding dividends, and adjusted by the 90-day T-bill return. Risk Premium is the subjective risk premium, calculated as per Lee (2010 
